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Complete Specification for the invention entitled: 

HYBRID SERPINS AND DNA CODING FOR THEM 



The followina jtatement is a full description of this invention, including the best method of performing it known to :• US 



I. 



HYBRID SERPINS AND DNA CODING FOR THEM 
The European Patent Application with the 
publication No. (EP-A) 0,190,652 discloses a human serpin 
which has since been given the name "leuserpin-2" (hLS2). 
This EP-A also reproduces the cDNA for hLS2 and points to 
the possibility of preparing modified genes or part-genes 
which produce correspondingly modified proteins in which 
individual amino acids have been replaced, omitted or 
inserted. For example, mention is made of a "building block 
principle" in which a part-gene I which codes for the amino 
acid sequence upstream of the active center is combined with 
a part-gene II which codes for the amino acid sequence 
downstream of the active center, with insertion between of a 
gene fragment which codes for an active center. However, 
the gene structure for the oftWAjwas not known. 

As a result of work done for the instant 
specif ication, the genomic clone which codes for hLS2 has 
been found, and its gene structure has been determined. 
This gene structure is utilized according to the invention 
for the preparation of new hybrid serpins. 

The serpins are a group of proteins which function 
as proteinase inhibitors in the coagulation of blood and the 
activation of complement and in various aspects of 
inflammatory reactions. The serpins belong to a protein 
family whose members have an amino acid homology with one 
another of about 20 to 35% (R.D. Doolittle, Science 222 
(1983) 417-419; H. Ragg, Nucl. Acids. Res. 14 (1986) 
1073-1088). The specificity of these proteinase inhibitors 
is determined on the one hand by an amino acid in the PI 
position of the reactive center (M. Laskowski and I. Kato, 
Annu. Rev. Biochem. 49 91980) 593-629), as well as on the 
other hand by further amino acid sequences and structural 
elements which apparently also have an effect 
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on the activity of the serpins. In addition to this, in 
some serpins such as, for example, in ang io tens inogen the 
N-terminal region plays an independent functional and 
structural rote (S. Synder and R. Innis, Annu. Rev. 
Biochem. 48 (1979) 755-782). 

The primary and tertiary structures of the serpins resemble 
one another (H. Loebermann et al., J. Mol . Biol. 177 
(1984) 531-556; S.C. Bock et al. Biochemistry 25 (1986) 
4292-4301) but, surprisingly, this is not based on a uni- 
form gene structure, as is the case with many other pro- 
..^ tein families, for example with the globins. Of the serpin 

• genes which have hithecto been described, only those for 

*• human a ! -an t i t r yps i n and for rat ang i o t ens i nogen have 

\ 15 equivalent exon/intron structures (T. Tanaka et at. J. 

Biol. Chem. 259 ( 1984) 8063-8065): in each case 5 e'xons 
are interrupted at corresponding positions by four introns. 
The structure of the other serpin genes hitherto known 
differs, however, considerably from this pattern. The 
20 human antithrombin III gene contains 6 exons (E.V. Proch- 
ownik et al., J. Biol. Chem. 260 (1985) 9608-9612), but 
homology can be established between only one of the 5 

intron positions of a j -an t i t ryps i n 
or angiotens inogen. The gene for the human C1 inhibitor 
has at least 7 introns, but the location of these is as 
yet unknown (S.C. Bock et al., loc. cit.). 



♦ ♦ • 
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It has now been found that the hLS2 gene structure corres- 
ponds to that of aj-ant i tryps in and of (rat) angio- 
tensinogen in respect of the number and location of the 
introns. This analogy is utilized according to the inven- 
tion for the preparation of the hybrid serpins. 

The invention is defined in its various aspects in the 
35 patent claims. Developments of the invention and 
preferred embodiments are explained hereinafter. 

The invention is also represented in Figures 1 and 2 and 
in Table 1 (annex) (with, here and hereinafter, "Figure 2" 
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also to be understood to mean its continuation in Figure 2a) 

Figure 1 shovs the structure of the hLS2 gene diagram- 
matically. "Ex 1" to "Ex 5" represent the exons. The 
restriction cleavage sites are abbreviated as follows: 
B = BamHI N = Ncol 

Bg = Bglll Ss = SstI 

E = EcoRI X = Xbal 

H = Hindlll 

In the case of Bglll and Ncol, only the cleavage sites 
necessary for construction of the hybrid gene as shown in 
Figure 2 are drawn. 



Figure 2 shows (not true to scale) the construction of a 
hybrid serpin gene having the exons 1 to 4 of hLS2, repre- 
, sented as black bars and designated M Ex V to "Ex 4" as 

in Figure 1, and having the 3'-terminal exon of the human 
c^-anti trypsin gene, depicted as shaded bars and desig- 
20 nated M Ex a-j-AT" . 

Where the customary names of the restriction enzymes have 
been abbreviated, the explanations relating to Figure 1 
apply; the following have been used additionally: 
25 P PstJ 
■ S = Sail 

Sm = Smal 
Xh = Xhol 

K = Filling in with Ktenow polymerase 
30 S1 = Degradation with SI nuclease 
Ph = alkaline phosphatase 
L = linker 

A signifies cleavage sites which have been made blunt-ended 
by degradation or filling-in of the protruding ends. 



35 



Table 1 shows the DNA sequences of the exons and of the 
flanking regions of the hLS2 gene, with intron sequences 
being represented by small letters. The signal peptide 
and the signal AATAAA necessary for the formation of 



correct 3'-transcript ends are underlined. The exon/in- 
tron boundaries emerge from a comparison with the known 
hLS2 cDNA. The arrow indicates the 5* starting point of 
the longest hLS2 cONA clone hitherto found. 

5 

The term "hybrid serpin" in connection with the present 
invention is intended to indicate that the protein being 
dealt with is composed of amino acid blocks which sub- 
stantially correspond to exons of hLS2 and analogous ser- 

10 pins having the same gene structure, and exhibits protein- 
ase- i nh i b i tory activity. The expression "hybrid serpins" 
is also intended to exclude natural products which would 
theoretically be obtainable by combination of identical 
exons from different sources. "Substantially" is intended 

15 to express the fact that the products obtained by genetic 
manipulation can be modified in a manner known per se, in 
that, for example, amino acids can be added or omitted 
or replaced. Modifications of these types are possible, 
for example, by insertion of appropriate linkers or adapters. 

20 

It is also possible to use synthetic gene fragments in the 
preparation according to the invention of the recombinant 
gene. This procedure has the advantage that it is pos- 
sible to incorporate additional cleavage sites for restric- 
25 tion enzymes, which allow additional modifications of the 
encoded amino acid sequence. It is also possible in this 
way, for example, to modify the active centers and, in 
general, to produce hybrid serpins having altered sub- 
strate specificity and/or activity. 

30 

In the recombination of the exons they are expediently 
used with inclusion of all the necessary sequences within 
the introns which are necessary for splicing and other 
post-transcription procedures. For linking, it is pos- 
35 sible, for example, for protruding DNA sequencesto be made 
blunt-ended by degradation or filling in, and thus for the 
exons to be connected as desired, where appropriate with 
insertion of synthetic oligonucleotide linkers which act 
as substrates for useful restriction enzymes. 
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Exon modules of this type can, according to the invention, 
be assembled in a ligase reaction in virtually any desired 
combination but in the correct relative orientation to one 
another and in the correct sequence. The hybrid genes ob- 
tained in this way can, if the promoter used is not intrin- 
sic to serpins, be connected to a suitable eukaryotic pro- 
moter and, where appropriate, to a pol y adeny I a t ion signal 
and, after introduction into the appropriate eukaryotic 
cells, their expression can be brought about there. 



It is possible to use, in a manner known per se, as host/ 
vector systems higher cells such as insect or mammalian 
cells. A large number of eukaryotic expression systems 
of these types are now known. It is also possible, where 
; 15 appropriate, to isolate the hybrid serpin mRNA which has 
formed and to employ it for the synthesis of cONA which 
then - after attachment of suitable transcription signals 
- can be used for expression in bacteria or yeasts. If 
yeasts are used, it is possible to obtain glycosylated 
20 proteins typical of yeasts. 

Besides the possibility of producing hybrid serpins having 
altered substrate specificity or activity, the invention 
provides an approach to the preparation of bifunctional 
25 proteins which, for example, contain the activities of 

angiotensin II and antitrypsin, and thus not only regulate 
the water balance but also have an inhibitory effect on 
the function of elastase. 
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The invention also relates to diagnostic aids which con- 
tain all or part of the genomic DNA of hLS2 to be used for 
the identification of genetic defects in the hLS2 gene or 
in diagnostic methods in which material containing human 
DNA or RNA is hybridized with corresponding gene probes. 

The invention is explained in more detail by the examples 
which follow. Unless otherwise indicated, percentages are 
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Example 1: 

Isolation of hLS2 cosroids from a human placenta gene bank 

The method of W. Lindenmaier et al. (in: 35th Mosbach 
Colloquium 1984, "The Impact of Gene Transfer Techniques 
in Eukaryotic Cell Biology", Spr i nge r-Ver I ag Berlin, 
Heidelberg 1985) was used to construct a cosmid bank, with 
the genomic human ONA fragments which had been partially 
cleaved with Mspl being linked to the vector pHC 79-2cos / IK 
which had been treated with Clal and alkaline phosphatase. 
The cosmid bank contains about 300,000 independent clones. 
1.8 x 10 packaged cosmids were mixed with 5 ml of TM 
15 buffer (50 mM Tris-HU, pH 7.5, 10 mM MgS0 4 ) and 5 ml of an 
overnight culture of E. col i 0H1 which had been grown at 
37°C in NZ medium (10 g/l NZ amine, 5 g/l sodium chloride, 
2 g/l MgCl 2 .6 H 2 0, 4 mg/l thiamine) containing 0.4% 
maltose, and were incubated at 37°C without shaking for 
20 minutes. After addition of 40 ml of LB medium (10 g/l 
bacto tryptone (Difco), 5 g/t yeast extract (Oifco), 10 g/l 
sodium chloride) containing 4 mg/l thiamine, the culture 
was shaken at 37°C for one hour. 

25 5 ml samples of a bacterial culture of this type were 

distributed on autoclaved nitrocellulose membranes on the 
surface of an agar plate (23 x 23 cm; LB medium contain- 
ing 1.4X agar and 50 ug/ml ampicillin). The plates were 
incubated at 37°C until the colonies had a diameter of 
30 0.5 mm. The preparation of replica filters, the lysis and 
the fixation of the colonies for the hybridization were 
carried out by known methods (0. Hanahan and M. Heselson, 
Methods in Enzymology 100 (1983) 333-342, T. Maniatis et 
at., Molecular Cloning, Cold Spring Harbor, 1982). The 
35 filters were washed with prewashing solution (Maniatis et 
al., toe. cit., page 326) at 42°C for one hour. The 
prehybridization (4 to 6 hours) and the hybridization 
(16 hours at 60°C) were carried out in the following 
sol ut ion: 
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0.9 M NaCl 
0.18 M Tris-HCl, pH 8.0 
5 x Denhardt's solution 
0.2% (w/v> SDS (sodium dodecyl sulfate) 
5 200 ug/ml sheared and heated calf thymus DNA 
200 ug/ml yeast RNA 

0.5X (v/v) non-ionic detergent (Nonidet P-40; Sigma). 

The probes used for the hybridization were the following 
10 restriction fragments of hLS2 c DNA (EP-A 0, 190,652): 



• • • 
• • • 



• • • 

• • • 

• • • 



A) 1.07 kb Hindlll fragment from the plasmid pHH, which 
embraces the 5' half of the hLS2 cDNA. 

15 B) 0-5 kb XmnI fragment from the plasmid pL10/2. This 
fragment is located in the 3' half of the hLS2 cDNA 
(positions 1121 to 1619). 

The said fragments were cut out by treatment of the rele- 
20 vant plasmids with the mentioned restriction enzymes, 
fractionated on agarose gels and then e lec t roeluted and 
nick-translated (> 10° cpm/ug; Maniatis et al., loc. 
cit.). 



25 After the hybridization, the membranes were washed, in 
each case for 30 minuter at room temperature, at 45°C 
and at 60°C, with 0.1 x SSC (1 x SSC = 0.15 M NaCl, 
15 mM sodium citrate, pH 7.0) containing 0.1% SDS. 

30 After drying, these membranes were used to expose X-ray 

films. Hybridizing colonies were singled out by dilution 
and cultured on nitrocellulose membranes, lysed and further 
hybridized as described. After a further singling out, 
there remained of the total of 750,000 analyzed colonies 

35 3 independent hybridization-positive clones. The clone 
p4R hybridized only with probe A but not with probe B. 
Conversely, the clones p6R and p9R hybridized only with 
probe B but not with A. 
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Cosroid ON A from the clones p4R , p6R and p9R was isolated 
by the alkaline lysis method (Maniatis et al., loc. cit.). 
The DNA preparations were cut with various restriction 
endonucleases, fractionated on 0.7X or 1% agarose gels 
and transferred onto nitrocellulose membranes (E. Southern, 
J - Molec. Biol. 98 ( 1975) 503-517). Exon-conta ining 0 N A 
fragments of the cosmids were identified by hybridization 
with various rad iol abel I ed restriction fragments of the 
hLS2 cDNA which are listed below: 

Probe 1: Hindlll/BamHI fragment which contains the region 
between positions 1 and 310 of the hlS2 c DNA . (The HindHI 
site is located in the polylinker region of the vector 
PUC13 in which the hLS2 cDNA is cloned). 

Probe 2: BamHI fragment which embraces positions 311 to 
834 of the hLS2 cDNA. 

Probe 3: PvuII fragment containing the region between 
positions 984 and 1399. 

Probe 4: XmnI fragment which embraces the region between 
positions 1121 and 1619. 

Probe 5: EcoRI fragment which embraces the region between 
positions 1560 and 2081 (one of the EcoRI sites is located 
in the polylinker region of the vector pUC13). 

Alt the positions specified here for restriction enzyme 
cleavage sites relate to the coding strand in the cONA. 

Hybridization was carried out in each case at 42°C over- 
night in the abovemen t i oned hybridization buffer. The 
membranes were subsequently washed 2 x 15 minutes at room 
temperature in 2 x SSC containing 0.U SOS and then 2 x 15 
minutes at 42°C in 0.1 x SSC containing 0.1% SOS, and were 
dried and exposed on X-ray films. To remove the probes, 
the membranes were each incubated in a boiling water bath 
for 2 minutes and then used again for rehybridizat ion. 
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For the identification of the first exon (Ex 1) the oligo- 
nucleotide having the ONA sequence 

3 '-CGCGGTGAAGAGTCTTTCTGTCTC-5 ' 

(which is depicted here opposite to the customary 5»-3« 
direction) was synthesized by the phosphoram idi te method 
(M.D. Matteucci et al., J. Am. Chem. Soc. 103 (1981) 
3185-3191) and purified on a polyacrylamide/urea gel. The 
sequence of the oligonucleotide was derived from a human 
hLS2 cDNA sequence which was isolated from a X gt10 c DNA 
bank which had been obtained by the method of T. Huynh et 
al., in: D.M. Glover (ed.), DNA Cloning, a Practical 
Approach, Vol. I, I RL Press, Oxford UK, Washington, D.C. 
15 1985, pages 49-78. Cosmid DNA of the clone p4R was ana- 
lyzed as described above using the Southern technique. 
The oligonucleotide having the abovement ioned DNA sequence 
was radiolabeled using £"- 32 P-ATP (NEN ) and 
polynucleotide kinase (Maniatis et al., toe. cit.). 
The hybridization temperature was 42°C. 



25 



The membranes were washed with 6 x SSC at room temperature 
(2 x 15 minutes) and at 33°C (2 x 30 minutes). 



On the basis of the hybridization experiments, overlapping 
restriction fragments of the cosmids were subcloned into 
the vector pUC13 by standard methods. The exons and ad- 
jacent intron regions were sequenced by the chemical de- 
gradation method of A. Maxam and W. Gilbert, Methods in 
30 Enzymology 65 (1980) 499-560. Figure 1 shows diagrammat- 
ically the structure of the hlS2 gene derived from re- 
striction cleavage and Southern blotting as well as 
sequenc ing. 



Example 2: 

35 Subcloning of exons including flanking intron sequences 
of the HLS2 gene and construction of an hLS2- ai -ant i- 
trypsin hybrid gene. 

The construction of a hybrid serpin gene which can be 
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expressed is described by way of example and with the 
aid of Table 2 (and Figure 2). Of course, in place of 
the restriction fragments described, it is possible to use 
other suitable ONA fragments and other combinations of ONA 
5 fragments. In particular, it is possible to use in place 
of the hLS2-specif ic promoter region other eukaryotic 
promoters, for example those from another serpin gene. 

10 Table 2 
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Restriction 
fragment 



contains Modification of the ends 

and subcloning 



1.6 kb NcoI/EcoRI Exon 1 of the Filling in with Klenow 

hLSZ gene in- fragment of DNA poly- 
cluding merase I from E. coli; 

promoter Subcloning into the vector 

r *9ion PUC13 which has been 

cleaved with Sail and 
treated with SI nuclease 



1-3 kb Xbal/ 

Hindi 1 1 



Exon 2 of the Filling in with Klenow 
hLS2 gene fragment, subcloning 

(codes for the into the vector pUC13 
signal peptide which has been treated 
inter alia) with BamHI and with S1 

, nuc lease 

0.65 kb Sstl/SstI Exon 3 of the Cleavage with S1 nuc- 

hLS2 gene lease, subcloning into 

the vector pUC 13 which 
has been cleaved with 
Sail and treated with 
S1 nuclease 



1.0 kb BgUI/BamHl Exon 4 of the 

hLS2 gene 



f il ting in with Klenow 
fragment, subcloning into 
the vector pUCl3 which 
has been treated with 
Smal and alkaline phos- 
pha t a s e 
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Alt exon-cont a i n ing restriction fragments also include 
any DNA sequences at the exon/intron boundaries necessary 
for correct splicing (B. Ruskin et at., Cell 38 (1984) 
317-331; E . Keller et at., Proc. Natl. Acad. Sci. USA 81 
5 (1984) 7417-7420; B. Wieringa et al.. Cell 37 (1984) 
915-925). 

The isolation of the ONA fragments on agarose gels, the 
treatment of the fragment ends and the subcloning into the 
vector pUC13 are carried out by standard methods (Maniatis 
et al., loc. cit.). The orientation of the inserts is 
established by restriction cleavage, and the plasmids 
having the correct insertion orientation are used for the 
construction of the hybrid serpin gene. 

Linking of exons 1 to 4 of the hLS2 gene in the correct 
sequence, and correct orientation of the exons with re- 
spect to one another, is likewise carried out by known 
methods . 

Example 3: 

Subcloning of the 3'-terminal exon of the human aj- 
antitrypsin gene 

9 #% 25 A 1.7 kb-long XhoI/HindlU fragment having the 3'-terminal 
exon of the gene is isolated from a genomic clone con- 

• ***! taining the human a<j -an t i t r yps i n gene (G. Long et al., 

Biochemistry 23 (1984) 4828-4837; M. Leicht et at., Nature 
297 (1982) 655-659). This exon codes for, inter alia, the 
30 reactive center of the protein (G. Long et al., loc. cit.; 
R. Carrell et al.. Nature 298 (1982) 329-334). After 
repair of the ends and attachment of EcoRI linkers 

5 ' C CGA ATTCG G 3 1 

35 

the fragment is ligated into the vector pUC13 which has 
been treated with EcoRI and alkaline phosphatase. 
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The human a <|-an t i t ryps i n gene codes for the amino acids 
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methionine and serine in the reactive center of the protein. 
In a naturally occurring a^-ant i t ryps in variant the 
methionyl radical has been replaced by an arginyl radical. 
This exchange confers antithrombotic properties on the 
mutated protein ( M . Owen et al., New England J. Med. 309 
(1983) 694-698). Mutations of this type can be introduced 
by known methods, for example in vitro mutagenesis (W. 
Kramer et al.. Nucleic Acids Res. 12 (1984) 9441-9456). 
Exons modified in this way can, of course, also be used 
for the construction, according to the invention, of 
hybrid serpin genes. 

The exons 1 to * of the hLS2 gene (Exairple 2) are linked 
to the 3 , -terminal exon of the a -j - an t i t r yp s i n gene in 
a known manner (Figure 2). 
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS; 

1 - A hybrid serpin as herein defined which contains 
amino acid part-sequences which substantially correspond to 
exons having the gene structure of human leuserpin-2 (hLS2) 

2 - A hybrid serpin as claimed in calim 1, which 
contains amino acid part-sequences which correspond to exons 
of hLS2, -antitrypsin or angiotensinogen . 

3. a process for the paration of hybrid serpins, which 
comprises recombination, from exons from at least two genes 
which have the exon/intron structure of hLS2 and code for a 
serpin, of a gene which has a gene structure corresponding 
to hLS2, and expression of this recombinant gene in a host 
cell. 

4. The process as claimed in claim 3, wherein the host 
cell is a higher eukaryotic cell. 

5 * A recombinant gene having a gene structure 

corresponding to hLS2, containing exons of serpin genes 
having a gene structure corresponding to hLS2. 

6. A gene as claimed in claim 4, in which the exons 
are flanked by splice signals and branch points of the 
relevant introns. 

7. A genomic DNA fragment containing an exon of hLS2. 

8. Genomic DNA encoding hLS2. 
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9. A host cell transfected with DNA as claimed in any 
of claims 5 to 7. 

10. A medicament containing a hybrid serpin as claimed 
in either of claims 1 or 2. 

11. A diagnostic aid which contains all or part of the 
genomic DNA as claimed in either of claims 7 or 8. 

12. A method of diagnosing human genetic defects which 
comprises the hybridization of human DNA with DNA as claimed 
in either of claims 7 or 8, or with corresponding RNA. 

DATED this 22nd day of February, 1991. 
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